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FIRST SYNTHESIZED REPRESENTATIVES OF CACODYLPHOSPHONIC ACID ESTERS

Gil'm Kamay and E. M-Sh. Bastanov,
Kazan' Chemicotechnological Inst
imeni S. M. Kirova

_ In 1946, Gi1l'm Kamay and 0. m, Pelorossova (1) synthesized alkyl esters
o of dia].kylcacodylphouphonic N alkylar:'lcacodylphusphonic » and diarylcacodyl-
phosphonic aids, 1. ®., compounds having an As-P bond and the general formula:

vwhere R: CHB" Colls-, CsHg-, n-CyHg-; R': Coll5-, iso-Cb,H9-, n-cu39-,
iso-CsHyq, Cglis-5 R": Colls-, 1s0-C4H,, n-C3H,-, n-CyHg~. Tnls was dope by
arsenating alkyl esters of phosphorous acid and K- or Na derivatives o di-
alkylphosphorous acids with various secondary halogenocarsines.

K Continuing researck in this direction, we undertook the study of the first
simple representatives of esters of dialkylcacodylphosphonic acids which we {
had not yet Prepared.

As sudjects of our research, we chose dimethylbromoarsine and diethyl-
chloroarsine as the simplest secondary halogenoarsines, which we reacted with .
methyl, ethyl, n-propyl, iso-propyl, and n-butyl esters of phosphorous acid,

. The reaction of dimethylbromoarsine with the middle esters of phosphorous
Cet acid vas carried out av room temperature and followed by beating on an oil
bath for 2 hours to drive off the alkyl halide. The reaction products were
then distilled unger vacuum, Qur experimental data indicate tkat the middle
. esters of phosphorous acid react with dimethylbromoarsine according to the fol-
i lowing schemes
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CH
N 3N
AsBr + P(@R)3—+ As-ﬁox)3

CHg cH3”

As a result of the experiments carried out on the reaction between di-
methylbromoarsine and various alkyl esters of phosphorous acid, we synthe~
sized the esters of dimethylca.codylphosphonic acid listed in Tatle 1,

The isolated alkyl esters of cacodylphosphonic acid are colorless liquids
having an unpleasant and strongly irritating odor. They can be distilled with-
out decomposition only in an atmosphere of an inert -as or in & high vacuum,

Investigations of the chemical properties of the prepared compounds
showed that the arsenic-phosphorus ‘bond ig easily ruptured as a result of the
= action of hydrogen halide aclds, alkalis, or even oxygen of the air,

Our experiments confirmed that the oxidation of the ethyl ester of di-
methylcacod:,’lphosphonic acid with pure oxygen proceeds very energetically ard
erds with an explosion.

In the case of oxidation by alr, the alkyl esters of cacodylphosphonic
acid decompose iaitially according to the scheme:

CH3 OR CH3

As-p 02 \ASJ 0+ [(r0),P07,0.
2

cHy” ™ or CHg”

We succeeded in isolating cacodyl oxide from the reaction products, We
d1d not subject to detailed study the moiety containing phosphorus.

The methyl ester of dimethylcacodylic acid is the most susceptible to
oxidation; the ethyl ester of this acid oxidizes more slowly, while the higher
- homologs are still more inert,

Another series of experiments was carried out to study the reaction of di-
ethylchloroarsine with varlous alkyl esters of phosphorous acid. Our investi-
gation shoved that the reaction between trialkyl phosphite and diethylchloro-
arsine takes place only upon heating and proceeds with the formation of alkyl

chloride and the corresponding diethylcacodylphosphonic ester. Consequently,
. the mechanisn of the reaction is analogous to the above scheme for the re-
: _'__ action betwesn dimethylbromarsine angd trialkyl phosphite. The fundamental
physicuchemical constants of the diethylcacodyl esters obtained are listed in
Table 2.

All of the alkyl esters of diethylcauodylphosphonic acld, whose consti-
tution is ssen in Table 2, are colorless liquids with an unpleasant odor.

The yields of the products are low., The chemical properties of thege
esters are reminiscent of the properties of the esters of dimethylcacodyl-
phosphonic acid. They oxidize gradually in the air to form diethylcacodyl
oxide,
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Our attempt to prepare free diethylcacod""phosphonic acid by hydrolysis
vwas unsuccessful. The reaction of saponifica m with 10% hydrochloric acid
proceeds with the rupture of the As-P bond ana the formation of alkyl chloride
and of the oxide of the ethyl analog of cacodyl according to the following
scheme:
C OR CoH, OF
235\As-P< 43HCL, 2801 4 °“asc1 + -p]
5 S Colis” § ~on
CoHs Col
2 " ”“As-cL 4 Hom ;.:[ 5>As] 0 + 2ic1,
Calls™ - Galls™ 1o
Detailed study of the stability of the arsenic-phosphorus bond revealed
that 1t is not stable in cacodylphosphonic esters of either group and ‘1at it
is ruptured as a result of the actlon of alkalis, halices, and other compounds
&s vell as that of hydrochloric acid or oxygen.
] Table 1. Dimethylcacodylphosphonic Acid Esters
Bpatlm 40 alo o
Formula of the Ester (degrees 0-- - 0 Yield
E (degrees) o L. Yiela (%) 1
CH CH.
3>As-'P<o 3 76.5 Lhotl .. 60.5
CHy” 8 “ocH, ‘
CH 0C B ‘
e
3/\As-'1|>\ > 83 1.3036 11,2932 74.3
CH3 o 002H5
CH 2H~
B Npep 10L.5 12343 1.22k2  6h.g

1 iso £2-83 1.2112  1.2015 6.4

CH3\ /OCL,H9
. hs=-P n
Do CH ” i

122-123 1.1933 - 54,1
3 0 OC0Hg

Table 2, Diethycacodylphosphonic Acid Esters

L Bp at 1 mm 0 dlS

15 i
d
. Formula of the Ester (degrees ) 0 [¢] “p Yield (%) .. |
assgrees) 0 0 b view (4) ‘
N s T W
. -fehr Oqu
"S5 5- 99.5 1.3205 - -- 29.0
. [
Cats T 8 ochy
c ot
25N gy 90205 105.5-106.5 1.2276 1.2120 1.4878 3.2
e [
CE'HE QC.-t =
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Bpat 1 mm Y ¥ 15
Formila of the Ester (degrees) 0 %o o Ylela
c _DCoE
2H5/\As-;.'?\ 1. 124-125 1.1817  1.1675 1.hool 36.2
(2: O N
CoH OCH
3 5;As-'P< 37 eo 10€-107 1.1678  1.1529 1,4782 30.2
CgHsg § “ocgHy
CoH _OC,H
S:As-'P\ 7 144-145  1.0522 - - 16.9
CoHs 4 ocyHg
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